Core-crosslinked polymeric micelles with controlled release of covalently entrapped doxorubicin.
Doxorubicin (DOX) is clinically applied in cancer therapy, but its use is associated with dose limiting severe side effects. Core-crosslinked biodegradable polymeric micelles composed of poly(ethylene glycol)-b-poly[N-(2-hydroxypropyl) methacrylamide-lactate] (mPEG-b-p(HPMAm-Lac(n))) diblock copolymers have shown prolonged circulation in the blood stream upon intravenous administration and enhanced tumor accumulation through the enhanced permeation and retention (EPR) effect. However a (physically) entrapped anticancer drug (paclitaxel) was previously shown to be rapidly eliminated from the circulation, likely because the drug was insufficiently retained in the micelles. To fully exploit the EPR effect for drug targeting, a DOX methacrylamide derivative (DOX-MA) was covalently incorporated into the micellar core by free radical polymerization. The structure of the doxorubicin derivative is susceptible to pH-sensitive hydrolysis, enabling controlled release of the drug in acidic conditions (in either the intratumoral environment and/or the endosomal vesicles). 30-40% w/w of the added drug was covalently entrapped, and the micelles with covalently entrapped DOX had an average diameter of 80 nm. The entire drug payload was released within 24 h incubation at pH 5 and 37 degrees C, whereas only around 5% release was observed at pH 7.4. DOX micelles showed higher cytotoxicity in B16F10 and OVCAR-3 cells compared to DOX-MA, likely due to cellular uptake of the micelles via endocytosis and intracellular drug release in the acidic organelles. The micelles showed better anti-tumor activity than free DOX in mice bearing B16F10 melanoma carcinoma. The results presented in this paper show that mPEG-b-p(HPMAm-Lac(n)) polymeric micelles with covalently entrapped doxorubicin is a system highly promising for the targeted delivery of cytostatic agents.